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SUBJECT: Pinnacle Lake Dam Phase I Inspection Report

This report presents the results of field inspection and evaluation of

the Pinnacle Lake Dam.

It was prepared under the National Program of Inspection of Non-Federal
Dams

This dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria:

1) Spillway will not pass 50 percent of the Probable Maximum Flood
2) Overtopping could result in dan failure.
3) Dam failure significantly inc'reases the hazard to loss of life

downstream
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Pinnacle Lake
State Located Missouri
County Located Montgomery County
Stream Tributary To Pinnacle Creek
Date of Inspection August 25, 1978

Pinnacle Lake Dam, No. 30923 was inspected using the "Reconmmended
Guidelines for Safety Inspection of Dams". These guidelines were*1 developed by the Chief of Engineers, U. S. Army, Washington, D.C., with
the help of Federal and state agencies, professional engineering
organizations, anc private engineers. The resulting guidelines are
considered to represent a consensus of the engineering profession.

Pinnacle Lake Dam was visually inspected by an interdisciplinary team
of engineers from Kenneth Balk & Associates, Inc. and Shannon & Wilson,
Inc. The purpose of the inspection was to make a preliminary
assessment of the general condition of the dam with respect to safety
in order to determine if, in the opinion of the interdisciplinary team,
the dam poses recognizable hazards to human life or property. This
assessment is based solely upon data made available and visual evidence
observed during the site visit.

To make a complete assessment of the safety of the dam would require
detailed studies and engineering analyses beyond the scope of this
preliminary assessment.

Based on the criteria in the guidelines, the dam is in the high hazard
potential classification, which means that loss of life and
appreciable property loss could occur in the event of failure of the
dam. The estimated damage zone extends six miles downstream of the
dam. Imediately downstream of the dam is a trailer camping area.
Within the damage zone are three farmhouses and three farm complexes.
The flood plain is farmed. Pinnacle Dam is in the intermediate size
classification since it impounds more than 1,000 acre feet of water,
but less than 50,000 acre feet.

The inspection and evaluation indicate that the spillway of Pinnacle
Lake does not meet the criteria set forth in the guidelines for a dam
having the above size and hazard potential. Pinnacle Lake is an
intermediate size dam with a high hazard potential, required by the
guidelines to pass the PMF. Considering the high hazard potential to
loss of life and property downstream of the dam, the outlet facilities
of Pinnacle Lake Dam should be able to pass the PMF without overtopping
the dam. However, it was determined that the spillway will only pass
approximately 5 percent of the PMF without overtopping the dam.



The evaluation of Pinnacle Lake also indicated that the spillway will
not pass the 100-year flood; that is, a flood having a 1 percent chance
of being equalled or exceeded during any given year.

It should be noted that the aforementioned results were obtained by
neglecting the storage provided by a significant number of ponds and
abandoned clay pits present in the watershed.

Deficiencies visually observed by the inspection team were brush on the
upstream and downstream slope of the embankment, a six foot four inch
diameter pipe at the toe, which is partially closed with a water flow
of approximately 80 GPM. According to hearsay, the dam breached some
years ago and was repaired. Other deficiencies found were the lack of
seepage records, operational records, seepage and stability analyses
comparable to the requirements of the Recommended Guidelines and
seisnic stability analyses.

The lack of seepage and stability analyses on record is a deficiency
that should be corrected.

It is recommended that action be taken in the near future to correct or
control the deficienc~es described. A detailed report discussing each
of these deficiencies is attached.

Ervin H.aumeyer, P.
Principal-In-Charge
Kenneth Balk and Associates Inc.•t s, Missouri

Principal Engineer
Shannon & Wilson, Inc.
St. Louis, Missouri
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SECTION 1- PROJECT INFORMATION

1.1 GENERAL

a. Authrity. The National Dam Inspection Act, Public Law 92-
367, authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a program of safety inspection of dams
throughout the United States. Pursuant to the above, the St. Louis
District, Corps of Engineers, District Engineer directed that a safety
inspection of the Pinnacle Lake Dam be made.

b. Purpose of Inspection. The purpose of the inspection was to
make an assessment of the general condition of tre dam with respect to
safety, based upon data riade available and visual inspection, in order
to determine if the dam poses hazards to human life or property.

c. Evaluation Criteria. Criteria used to evaluate the dam werefurnished by the Department of the Army, Office of the Chief of
Engineers, in "Rec,)mmended Guidelines for Safety Inspection of Dams".
These guidelines 4ere developed with the help of several Federal
agencies and many State agencies, professional engineering
organizations, and private engineers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) The dam is an earth structure built on a tributary to
Pinnacle Creek in Montgomery County, Missouri. Topography adjacent to
the valley is rolling to steep. Topography in the vicinity of the dam
is shown on Plate 1.

(2) The principal spillway, consisting of a steel and
concrete box structure, drops the flow into an 84 inch diameter steel
pipe which extends through the dam, then drops into a small pool
downstream of the toe. The spillway is located at Station 5+67 of the
embankment.

(3) Pertinent physical data are given in paragraph 1.3
below.

b. Location. The dam is located in the southeastern portion of
Montgomery County, Missouri, as shown on Plate 2. The lake formed by
the dam is on the Missouri-Montgomery County Pinnacle Lake quadrangle
sheet in the NE 1/4 of Section 24, T47N, R5W.

c. Size Classification. Criteria for determining the size
classification of dams and impoundments are presented in the guide-
lines referenced in paragraph I.lc above. Based on these criteria,
this dam and impoundment is in the intermediate size category.



d. Hazard Clasification. Guidelines for determining hazard
clasification are presented in the same guidelines as referenced in
paragraph c. Based on referenced guidelines, the Corps of Engineers
has determined that this dam is in the High Hazard Classification and
thus has been selected by the Corps of Engineers for a Phase I
Inspection.

e. Ownership. It is reported that the dam is owned by Pinnacle
Lake Estates Association, Inc. R.R. No. 1, Box 129B, New Florence,
Missouri 65363.

f. Purpose of Dam. The dam forms a recreational lake.

g. Design and tonstructioi History. There are no known design
plans or construction records. According to the "Inventory of Dams",
the dam was completed in 1965 and was partially breached some years
later. According to a report dated June 25, 1974, by J. Hadley
Williams Geologist and Chief, Applied Engineering & Urban Geology,
Missouri Geological Survey, the leak was caused by a structural failure
of the drop inlet spillway. A weld broke at the junction of the
inclined portion of the spillway pipe. The dam was evidently repaired
and a new spillway structure installed in the embankment. The previous
spillway was partially sealed by welding a steel plate in the pipe at
the downstream end, however, the upstream end was not found. Much of
the construction history was deduced from the visual evidence.

h. Normal Operating Procedure. Normal rainfall, runoff,
transpiration, evaporation, and spillway discharge all combine to
maintain a relatively stable water surface elevation.

1.3 PERTINENT DATA

a. Drainage Area - 4749 acres.

b. Discharge at Damsite.

(1) Spillway - 979.8 cfs. at maximum pool.

(2) Estimated experienced maximum flood - approximately 2 feet
below top of dam.

c. Elevation (U.S.G.S.)

(1) Top of dam - 620.3 at low point.

(2) Spillway crest - 617.0.

(3) Streambed at centerline of dam - 580 +

(4) Maximum tailwater - unknown.

d. Reservoir. Length of maximum pool - 4000 feet +.

2



e. Storage (Acre-feet).

(1) Normal -2184.

(2) Maximum -2606.8.

f. Reservoir Surface (Acres).

(1) Top of dam - 138.

(2) Spillway crest - 118.

g. Dam.

(1) Type - earth embankment.

(2) Length - 800 feet.

(3) Height - 50 feet maximum.

(4) Top width - 15 feet.

(5) Side Slopes (measured by a slope meter/inclinometer in
degrees and converted to ratios).

(a) Downstream - 2.5 H. to 1 V

(b) Upstream - 3 H. to 1 V to waterline. Visibly flatter
below waterline.

(6) Zoning - Unknown.

(7) Impervious core - unknown

(8) Cutoff - unknown

(9) Grout curtain - unknown

h. Diversion and Regulating Tunnel. - None.

i. Principal Spillway.

(1) Type - Steel and concrete drop structure with 84 inch
diameter steel outlet pipe.

(2) Effective weir length - 49.2 feet.

(3) Crest elevation -617 U.S.G.S.

3



SECTION 2- ENGINEERING DATA

2.1 DESIGN

No design data were found to be readily available.

2.2 CONSTRUCTION

The dam was completed in 1965. Remedial construction relative to
repairing a partial breach of the embankment was only evident by the
presence of what was apparently the old spillway pipe. However, this

*1 was sufficient to be considered in this report.

2.3 OPERATION

No records of the maximum loading on the dam were available.

2.4 EVALUATION

a. Availability. Some geological data were available, con-
sisting of several Geologic Reports, by the Missouri Geological
Survey.

b. Adequacy. No engineering data was available to make a
detailed assessment of the design, construction, and operation of the
dam. The lack of seepage and stability analyses comparable to the
requirements of the Recoimmended Guidelines is considered a deficiency
which should be corrected. An engineer experienced in the design of
dams should be retained to perform detailed seepage and stability
analyses.

C. Vaiiy No engineering data on design were available,
* however, the geological data was considered valid.

'44



SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

A. General. A visual inspection of the Pinnacle Lake Corp. Dam
was carried out on August 25, 1978. Personnel making inspection were
employees of Kenneth Balk and Associates, Inc. and Shannon and Wilson,
Inc. of St. Louis and included civil, geotechnical, and structural
engineers and an engineering geologist. Specific observations are
discussed below.

B. Dam. The inspection team observed the following at the dam.
The dam isin earth structure with a gravel road running across the
crest. Brush and some small trees are growing on the downstream slope
of the embankment. Upstream erosion protection consists of a cover of
grass.

No detrimental settlement, depressions, cracking, erosion,
animal burrows or slope instability was observed on or near the
embankment. There are no signs on the embankment indicating the limits
of reconstruction reported in section 1.2g., however, a six foot four
inch diameter iron pipe, apparently the original spillway, was found at
the toe. No seepage was observed, however, the abandoned spillway
pipe, although partially closed with a welded metal plate, was flowing
at a rate of epproximately 80 gallons per minute on the day of the
inspection. Visually, the water appeared to be clear, but tests for
sedimentation were not made.

The dam has approximately three (3) feet of freeboard.

C. Appurtenant Structures. The spillway, consisting of a steel
and concrete drop structure with a trash rack is located adjacent to
Station 5+67 (see Plate 3). The spillway drops the flow into an 84
inch diameter steel outlet pipe which carries the flow through the dam,
dropping the flow into a small pool located downstream from the toe of
the dam. The spillway structure and outlet pipe are in good condition,
and discharge will not endanger the integrity of the dam. A boat
launching ramp is located near the right abutment. The crest of the
dam has a swale at this location with its lowest point being at least
2.8 feet below the majority of the crest. This swale was apparently
constructed to provide convenient access to the boat launching ramp.
In the opinion of the inspecting team, this swale was not intended tc
serve as an overflow spillway, since flow through it would flow to tht
left down the embankment slope.

D. Reservoir Area. No wave wash, excessive erosion or slides
were observed along the shore of the reservoir.

5



E. Damsite Geology.

Left Abutment. The area around the left abutment consists of
large outros o i~tly massive light gray sandstone (St. Peter
Formation). At places it is moderately bedded. The sandstone consists
of sand grains of medium size, rounded, spherical and frosted. It is
sparsely jointed and the majority of the joints are bedding Joints.

Joints dip 10 0 NW

Strike 60 0 NW

Joint openings: 1/8 inch to 3 inches

Filling material: Calcareous and Siliceous

Open joints 35%, closed joints 65%
A few joints have dip 750 NW, strike 40 0 NE

RgtAbutment: The area around the right abutment consists
of a continuation of th same rock formation as exposed on the left
abutment. At places, thie sandstone is othro-quartzatic and white in
color, mostly massive but medium soft, occasio~ally medium to thinly
bedded and sparsely jointed. Bedding about 5 almost west, strike
almost NS. Dip and strike of joints are approximately the same as
those on left abutment.

3.2 EVALUATION

The brush and small trees on the downstream slope is a deficiency
which should be corrected by establishing a regular maintenance
program. The water flowing from the abandoned spillway outlet is
considered a major deficiency for the following reasons; 1) the dam is
reported to have been partially breached at this location in the past;
2) the origin of the water was not readily apparent. This deficiency
should be investigated and appropriate action taken to correct the
causes. An engineer, experienced in the design and construction of
dams, should be retained to evaluate the deficiencies noted above.

6



SECTION 4 -OPERATIONAL PROCEDURES

4.1 PROCEDURES

No controllable regulating structure exists at this dam.

4.2 MAINTENANCE OF DAM

The presence of the brush and small trees on the downstream slope
suggests that the dam is poorly maintained, if at all.

4.3 MAINTENANCE OF OPERATING FACILITIES

No operating facilities exist, therefore no maintenance records
were available.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

The inspection team is not aware of any existing warning system
f or this dam.

4.5 EVALUATION

In our opinion, a regular program of vegetation control is
desirable. The water flowing from the abandoned spillway pipe should
be monitored for quantity of flew and sedimentation on a regular basis.
An engineer experienced in the design of dams should be retained to
design appropriate remedial measures.

7



SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data,. No design data available.

b. Eperence Dta. The drainage area and lake surface area are
developed fro iUSGS Pinnacle Lake Mo. Quadrangle. The spillway and dam
layout are from surveys made during the inspection.

C. Visual Observations.

4 (1) The spillway, outlet pipe, pool, and the exit channel are in
good condition.

(2) The spillway is located adjacent to Station 5+67 (See Plate
3). Spillway discharge will not endanger the integrity of the dam.

(3) The abandoned spillway pipe, although partially closed with
a welded steel plate, was flowing at an estimated rate of 80 g.p.m.

d. Overtopping Potential. The spillway has been found to be
inadequate to pass the Probable Maximum Flood (PMF) without over-
topping the dam. The probable maximum flood is defined as the flood
discharge that may be expected from the most severe combination of
critical meteorological and hydrologic conditions that are reasonably
possible in the region.

For the PMF, the dam would be overtopped to a maximum height of
approximately 16.7 feet with a duration of overtopping of approxi-
mately 14.5 hours with a maximum discharge rate of 22942 cfs. In our
opinion, failure of the dam may be expected to occur as a result of
overtopping for this length of time.

For 50% of the P.M.F., the dam would be overtopped to a maximum
height of approximately 8.7 feet, with a duration of overtopping of
approximately 12.2 hours, with a maximum discharge rate of
approximately 11430 cfs.

The spillway has been found to be adequate to pass a flood of
approximately five (5%) percent of the PMF.

The spillway have also been found to be inadequate to pass the 100
year flood, which has a 1% chance of being equalled or exceeded at
least once during any given year.

The estimated damage zone extends six miles downstream of the dam.
Immediately downstream of the dam is a trailer camping area. Within
the damage zone are three farmhouses and three farm complexes. The
floodplain is farmed.

8



SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Visually observed conditions which can
affect the structural stability of this dam have been discussed in
Section 3.

b. Design and 'Con;truction Data. No design or construction
data relating to the structural stability of the dam were found except
that discussed in Section 1.2.

c. Operating Records. No records were available.

d. Post-Construction Chanes. No post-construction changes
other than referenced in Sectin 1.2 g were observed.

e. Seismic Stabilitz. The location of Pinnacle Lake Dam is in
Seismic Zone 1. No engineering data was available to evaluate the
seismic stability, however to our knowledge, an earthquake of the
magnitude that may reasonably be expected in Seismic Zone 1 has
notcaused a structural collapse of a dam of this size.

9



SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM AND SPILLWAY ASSESSMENT

a. Safety

(1) Dam. Corrective measures should be taken for the defi-
ciencies visually observed by the inspection team, i.e. brush and some
small trees on the embankment, water flowing from the abandoned pipe.

The source of water flowing from the abandoned pipe is
considered a major deficiency and the cause should be determined and
proper measures taken for elimination or control of flow.

(2) Spillway. The spillway, will not pass the Probable Maximum
Flood without overtopping the dam. In addition, the spillway will not
pass the 100 year, (1% chance) flood, without overtopping the dam.

(3) In our opinion, the services of a professional engineer
experienced in the design of dams should be obtained to evaluate these
deficiencies.

b. Adequacy of Information. Due to lack of engineering design
and construction data, except that discussed in Section 1, the
conclusions of this report were based on performance and external
visual conditions. Some geologic reports, prepared by the Missouri
Geological Survey, were made available and were considered in the
preparation of this report. The lack of seepage and stability analyses
comparable to the requirements of the recommended guidelines is a
deficiency which should be corrected. The inspection team considers
that these data are sufficient to support the conclusions herein.

7.2 REMEDIAL MEASURE$

a. 0&M Procedures. The following 0&M procedures are recomn-
mended:

(1) The abandoned spillway pipe should be filled or plugged.

(2) Brush and excessive vegetation should be removed from the
embankment slopes.

kp.(3) Up-to-date records of all mi&''tenance and repairs should be

(4) Spillway capacities and/or height of dam should be increased
to pass 100 percent (100%) of the Probable Maximum Flood.

(5) The dam should be periodically inspected by an Engineer
experienced in the design and construction of dams, and records kept of
these inspections.

(6) Stability and seepage analyses should be performed by a
professional engineer experienced in the design and construction of
dams.

10
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HYDROLOGIC AND HYDRAULIC ANALYSES METHODOLOGY
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HYDROLOGIC AND HYDRAULIC ANALYSIS METHODOLOGY

1. The hydrologic analysis used in development of the overtopping
potential is based on applying a hypothetical storm to a unit hy-
drograph to obtain the inflow hydrograph for a reservoir routing. The
Probable Maximum Precipitation is derived and determined from regional
charts prepared by the National Weather Service in "Hydro-
meteorological Report No. 33." Reduction factors have not been
applied. A 24-hour storm duration is assumed with the total rainfall
depth distributed over 6-hour periods in accordance with procedures
outlined in EM 1110-2-1411 (SPF Determination). The maximum 6-hour
rainfall period is then distributed to hourly increments by the same
criteria. Within-the-hour distribution is based upon NOAA Technical
'Memorandum NWS HYDRO-35. The nonpeak 6-hour rainfall periods are
distributed uniformly. All distributed values are arranged in a
critical sequence by the SPF criteria. The final inflow hydrograph is
produced by utilizing the Soil Conservation Service dimensionless unit
hydrograph using Hydrologic Soils Group "D", Antecedent Moisture
Condition III, and SCS CN 93 used to determine rainfall excess.

Lag time was estimated using methods outlined in "Design of Small
Dams", by the United States Department of The Interior, Bureau of
Reclamation. Using this source, lag time is taken as 60% of the time
of concentration.

Time of concentration was estimated utilizing methods outlined in
the source quoted above, supplemented by data obtained during field
investigation. The results of the field investigation and the
computations indicated that a time of 3.5 hours was appropriate. For
this lake, a lag time of 2.1 hours was therefore selected.

2. The reservoir routing is accomplished by using Modified Puls
routing techniques wherein the flood hydrograph is routed through lake
storage. Hydraulic capacities of the outlet works, spillway, and crest
of dam are used as outlet controls in the routing. Storage in the pool
area is defined by an elevation-storage capacity curve. The hydraulic
capacity of the outlet works, spillway, and top of dam are defined by
elevation-discharge curves.

3. Dam overtopping analysis has been conducted by hydrologic methods
for this dam and lake. This computation determines the percentage of
the PMF hydrograph that the reservoir can contain without the dam being
overtopped. An output summary in the hydrologic appendix displays this
information as well as other characteristics of the simulated dam
overtopping.



4. The above methodology has been accomplished for this report using
the systemized computer program HEC-1 (Dam Safety Version), July 1978,
prepared by the Hydrologic Engineering Center, U.S. Army Corps of
Engineers, Davis, California. The numeric parameters estimated for
this site are listed in the attached computer printout. Definitions of
these variables are contained in the "User's Manual" for the computer
program.

5. The inflow hydrograph was routed through the reservoir using HEC-
l's Modified Puls option. Releases were calculated for: 1) the
spillway, and 2) the flow over the top of the dam. These releases were
then combined at each of their respective elevations.

:.4

i'I



4Flow through the drop structure and pipe outlet at the spillway

was obtained by considering the drop structure as a weir.

For the weir.

Q = CL(H)
1.5

where: C = Varies with head as outlined in "Handbook of
Hydraulics" by Horace Williams King, revised
by Ernest F. Brater.

L = Length in feet = 49.2.

H = Head of water in feet (varies with water sur-
face)

Q = Discharge in cfs

Flow through over the top of dam was calculated using the weir
flow equation:

Q = CL(H)1.5

where: C = Varies with head as outlined in "Handbook of
Hydraulics" by Horace Williams King, revised
by Ernest F. Brater.

L = Length in feet (varies with water surface)

H = Head of water in feet (varies with water sur-
face)

Q = Discharge in cfs
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